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(With effect from the academic year 20092010

\o J

CE Scanned with OKEN Scanner



University of Mumbai
Syllabus Structure (R-2007)
at

T.E. (Biomedieal Fro: i
( medical Lngmccrmg)

-V
\\‘(c[
emes — o o
= '//—'“""'-"j Scleme of nstructions | ‘/“"11
l Subject Periods per Week ]1 Scheme of Evaluation
E No.
’ (Each 60 min.) :
| _ o |
| hCO|--\- . Practical/ r PﬂpCl' CTW Pracliczﬂ Oral Total
. * | ' Marks
| t Futorial ‘-\Hours | Marks‘;{ and Oral
_—Wfieroprocessors 0402 3 100253 \ - | 150
. |
| N S | [L# AL
——Iprinciples of 04 7 3 100 25 | - 25 \ 150
5 Analog and Digital :: !1 |
Communication ; : 'i
' ‘ ;

3 R I I ' ———
7 |Biomedical I 31000 25 | - |25 1 150
[nstrumentation — 1 | | \ l
| | o | 5 i
Ir4_"'-_“Design of Analog ‘ 04 ; 02 3 100 25 I] 50 \ I TN

. Circuits ‘ | || \ |
5 Isignals and SystemjI 04 - 02(T) 3 100 35 El o "‘ 25 | 150
| ! |
| P I L |
6. [Environmental ‘| 02 1 I 2 50 25 \ --- el 75
, | :
Studies B | ;|
Total (1 l“—. 22 T T 5500 150 TS \ 75 850
'- | . |
“#Tutorial to be conducted class wise.
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gemester-V1

University of Mumbai

Syllabus Structure (R-2007)

at

T.E. (Biomedical Engincering)

—T1 Scheme of Instructions B
5. No. Subject Periods per Week Scheme of Evaluation
(Each 60 min.)
Theory | Practical/ Paper TW  [Practical [Oral | Total
| e - | Marks
Tutorial | Hours | Marks & Oral
1. Microcontrollers 04 02 3 100 25 | 25 150
and Embedded
! Systems
2. Medical Imaging-1 | 04 02 3] 100 5. — 25 150
|
! 1
3. [Biomedical L0 02 | 3 [ 100 25 33 150“]
[nstrumentation — 11 l
S A N
d, Biological 04 02 K 100 25 25 150 |
Modeling and | i
simulations | { | i ;
. ] | l‘A___‘_ i ; :'
D, Biostatistics L04 orm |3 100 ZLS—TH S " 125
| |
A | | |
0. Digital Signal o4 02 5 1w 35 O 125 ]
Processing for 1 j ? ‘
Biomedical | ‘ 5
Applications } \ I |
o o ]
Total 24 I i L 600 150 T et |
N ] | | | 0025 TI5 ] 50
—— L I —4 1 O | 1
5!
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University of Mumbai

——
ass: T.E. i
Class: T Branch: Biomedical Semester: V
Engineering o
“Subject: Microprocessors
[
periods per Week L
r ecture | 04
(Each 60 min.) Practical | 02
actical | 02
Tutorial | ---
—
- Hours Marks
Evaluation System Tt 0
weory | 03 - 100
Practical & Oral | 02 25
Oral | - -
Term Work | --- 25
Total | 05 150
[
SN
Content Time
Module o
I—
9085 Microprocessor 10
blocks, 8085

chitecture and its functiona!

1 [Basic 8083 Viicroprocessor ar
microprocessor IC pin outs and signals, address data and control buses.
Clock

ycles, and timing states, instruction

tion cycles, machine ¢
DAX,XCHG, WAIT, HALT)

V.MVI, LDA,L

signals, instruc

timing diagram(eg MO
2 [Intel 8086/8088 microprocessor family 12
y. Study

6/8088 microprocessor famil
ramming, Introduction toO

jguage. 8086 interrupt
Study of
m and

anization of 808
Assembly language prog

ming using Assembly lai
aximum mode operation.

8086 family in maximu

Architecture and org
of its [nstruction s€t.
mixed language program

structure. 3086 family mi
;. Timing diagram for

288 bus controlle
BRRLtees

minimum mode.
2 ey T Fal S
S

nimum and m

e ——

It
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/3/“NIC““"'y And /O (lCSigl] — 10

Memory system design fo'i 8086 family including interface of dynamic
Read/ write memory. Considerations {or memory interfacing. Connection
of /0 Controllers  8255AH  programmable peripheral  Interface,
p,-ogmmmablc Interrupt Controller 8259A, UART 8250

, programmable
D.M.A. Controller 8237, prog
_//_r' 5087 Math Co-processor ——
study of architecture of 3087 floating point co- processor. Data types
supported _l’)’ 8087. Host and co-processor interface, Assembly language
programming for 8086 - 8087 based systems.
—5 [Introduction to Multiprocessor systems 05

Multiprocessor configurations. Study of the 8289 bus arbiter. Design of

8086 based multiprocessor systems (without timing considerations).
o .

L’/”____—

Theory Examination:

Question paper will comprise of total 7 questions, each of 20 marks.
Only 5 questions need to be solved.

Q.1 will be compulsory and based on the entire syllabus.
Remaining questions will be mixed in nature.

In question paper weightage of each module will be proportional to the number of
respective lecture hours as mentioned in the syllabus.

Practical & Oral Examination:

Practical examination will be based on one experiment performed from the list of experiments
and the oral will be based on entire subject.

Term work:

Term work will consist of at least Eight Assignments/ Laboratory Experiments based on
the above syllabus and a written test. Test and Seminars be suitably graded by teachers
and attached in the journal. The distribution of the term work shall be as follows,

Lab work (Assignments/ Laboratory Experiments & Seminar) :1&marks

Test (at least one) :10 marks

-
J
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Al cml“Cﬂ“O" and acceptance of tery. ~work
i

e oy ork and minimum passing in the tery,
ord
fab

ensures the satisfactory performance of
-work,

Text Books:
-essor Architecture, Proo

\hdoproussor rogramming and A

wiley Castern [.td. Publication Pplications with 8085 - Gaonkar - John

. John Uffenback, 8086 / 8088 Design, p rogr

_ amming and Interfacing, se 2diti inth
(ndian reprint., Prentice Hall of India, 2001 g facing, second edition, nu

olas Hall, Microproce R
pouglas Hal processors mtulaung and programming, Tata McGraw Hill, third

L=}

edition

|uhn Uffenback, The BOX86 family Design, Programming and Interfacing, third edition,

.
, pearson Education Asia, 2002Intel Corporation,
. Dmﬂ manuals of microprocessors

University of Mumbai

Class: T.E. Branch: Biomedical
Engineering

Semester: V

§1Ej-c;l: Principles of Analog and Digital Communication

T’Eﬂﬂb per Week Lecture! 04
|
| ; _ |
(Fach 60 min.) Practicall 02
Tutorial ---
1
Hours Marks
Evaluation System : Theory] 03 100
Practical & Oral -
f I Oral 25
| ol ety :
‘ Term Workl --- 25
- A - P
5 [otal 03 150
— ] __—’_—_—-_-_'__________,___,
P/ &
LY
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- Contey . -
4 " ~frime (hrs)
Mud“"‘
- ‘{;ﬁvu—'uduclinn 10 Cmnuulni—c:_\t_i;n Sy \u‘m"_ﬁ“ . (!

1. 04
[lements of communication: system. Tunee

) Noise. Sign: SYSIEM, Types of electronic communication
wstem, Noiseo Signal to Noise ratio Noi . ica
Femperature. » Nowse factor, Noise figure, Noise

] ‘,\nilililll(k‘ Modulation: = ————— T S
- !
| 2. ‘ 05
; Nathematical analysis off AM w
’ ave, Different types .
DSBSC. SSBLASB with & without pil B e
‘ Band N priot carrier), Modulator Circuits,
Spectrum, Bandwidth, Waveforms, Low level & 11i :
» LOw level & High level transmitter.
1AM Reccivers: I — —t
; KN : 08
Receiver Parameters — Sensitivity, selectivity L
‘ X ioction. double snofti tivity, selectivity, fidelity, image frequency and
! its rejection, double spotting, dynamic range.
TRIE receiver, Super heterodyne receiy . .
! I'RE recel uper heterodyne receiver, Double conversion receiver.
i .
| AM detectors — Simple & Practical Diode detector.
| Principles & types of tracking, Principles & types of AGC
| )
Demodulation of DSBSC & SSB waves.
TT FM Transmission & Reception: 09
Principle of FM, waveforms, spectrum, bandwidth, FM generation — Direct
FM & Indirect FM, Principle of AFC, Pre-emphasis & De-emphasis in FM,
Effect of noise in FM, Noise triangle.
FM Demodulation — Simple slope detector, balanced slope detector, Foster
Seely Discriminator, Ratio detector, Quadrature detector, Block diagram of]
FM receiver, Capture effect in FM receivers, Comparison of AM & FM
|
’ systems.

ol Analog Pulse Modulation Techniques: 06
Sampling theorem for low pass signals & Band pass signals, Proof of
sampling theorems, Concept of Aliasing, PAM, PWM, PPM - Generation,
detection. advantages, disadvantages, comparison.

— 1 —————
0. Digital Pulse Modulation Techniques: 07

———

e ————
————————
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/ Advantages & disadvantages of Digiy

|
. 4. Ty 1 1 . —_—
t,{/l)‘g'm l‘l.l'n.smllssmn. . 04
‘ ' : s of Digital transmissio " . e .
[ypes . 2 . n methods — ASK, FSK, PSK, Generation,
Detection, Advantages, Dlszldvanmgc& Comparison
/ Multiplexing Techniques B —

B

: izati . al Transmission, PCM — Transmitter,
Receiver, Quantization, Companding, DPCM, DM, ADM — Transmitter
Receiver, Advantages, Disadvantages. ’ ‘

3. ‘ 05
- Concept of multiplexing and multiple access, FDM, TDM — Transmitter,

Receiver, Hicrarchy, Applications, Advantages, Disadvantages. PCM - TDM
svstem, FDMATDMA| CDMA

\

Examination:

Theory
. Question paper will comprise of tota] 7 questions, each of 20 marks.
9 Only 5 questions need to be solved.
3. Q.1 will be compulsory and based on the entire syllabus.
4. Remaining questions will be mixed in nature.
5.

[n question paper weightage of each module will be proportional to the number of
respective lecture hours as mentioned in the syllabus.
Oral Examination:

Oral exam will be based on entire subject.

Term work:

Term work consists of minimum eight experiments from the list mentioned below and a written
test. The distribution of the term work shall be as follows,

/‘
Laboratory work (Assignments and Journal) : lgmﬂrks
Test (at least one) :10 marks
hiiendangedLuacticabandPHeory) *05-marks»

The final certification and acceptance of term-work cnsures the satisfactory performance of
k‘hol’atory work and minimum passing in the term-work.

LiSt”\f[‘j\'_ﬂcLinwnts:
I DSB-FC, DSB-SC, SSB AM generation

-~
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\M detection.
h

M seneration and detection,
¢ o

brc.cmplmsis and De-emphagis.
4.
qampling and reconstruction.

pAM generation and detectioy.

pwWM generation and detectiog

~1

pPM gcncrulion and detection.
q pCM generation and detection,
10. DM generation and detection,
11. Time division multiplexing.

12. Frequency division multiplexine,

Text Books:

« Electronic Communication Sveteme _ Ww. : - ;
Svstems — W ayne Tomasi, Pearson Education.

= Electronic Communication Systems — Roy Blake, Thomson Learning

* Electronic Communication Systems — Kennedy and Davis, TMH

Reference Books:

*  Digital and Analog Cer-munication Systems — Leon W Couch, Pearson Education.

*  Principles of Communication Systems - Taub and Schilling, TMH.
¥ ~ University of Mumbai l
} Class: T.E. Branch: Biomedical - Semester: A%

| [-neineering

Subject: Biomedical Instrumentation - I
i

[ z
 Periods per Week

\
e

|
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P s N E——
0 mi. o TEe——— . S—
([{:lché o Practical 0 I
Tutorial | .. S
/”_—'—“‘—7-‘_\”'%&.

—~ —\H"\\ — B
P Hours E Marks
0 System — —

|y n“On 5_\‘:’ B S ! E—

pvalu - Fheory | (3 100

actionl o .
Practicel & Ogat | - |
Oral | - 5
| Term Work | - 55 |
| R |
| Total | 05 150 ‘
RS 1
— e R S |
,r/#—_‘—;—h—-__\‘_"—_‘ R - i
Content Time |
hrs) |
Module (hrs)
i . —
asic principle, technical At ork: — — -
Basic princip al specilication, working and applications of Analytical | 14
1. lnd Leboratory Instruments.
1. Spectrophotometer 8. Electrophoresis ‘
2. Colorimeter 9. Chromatography and mass
3. pH meter spectroscopy
4. Cell and Plasma Separator. 10. Autoanalyscr
5. Centrifuge 11. Microscopes
6. Llectrolyte Analyser 12. ELISA reader & WASHI
7. Blood cell counter
2. Blood Gas Analyser: 05
Measurements of Blood pH, pCo2 pO2 and complete Blood Gas anal vser.
3. Blood Flow Measurement: 08
Electromagnetic. Ultrasonic, NMR and Laser Doppler flow metry,
cardiac output measurement, impedance plethysmography.
R o : o =
4. Pulmonary Function Analyscr and Ventilator: 12
Respiration measurement technique: Lung volume and capacities.
Spirometry, Pulmonary function measurement and unulysg}}fplmmﬁqcr ol

[
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A nd respiratory function analyzer. — ]

Oximetrys Ventilators Respiratory Therapy Equipment and Anesthesia
Equipment
,_/,’—-— . o
——|j1eart Lung machine 03
~ 5-
Ty e | R
,/{3\1|(l|()|1|cttls. 03
\ M ] b} . ) 59 o . .
Basic audiometer, Pure tone and Speech audiometer, evoked response
Audiometry. 1
l vl —
/ - I
rheoty Examination:
0. Question paper will comprise of total 7 questions, each of 20 marks.
Only 5 questions need to be solved.
. Q.1 will be compulsory and based on the entire syllabus.
0. Remaining questions will be mixed in nature.
10.  In question paper weightage of each module will be proportional to the number of

respective lecture hcurs as mentioned in the syllabus.

Oral Examination:

The oral examination will be based on entire syllabus.

Term work:

Term work will consist of at ieast Eight Laboratory Experiments/Demonstrations based
on the above syllabus and a written test. Test and Assignments/Seminars be suitably
graded by teachers and attached in the journal. The distribution of the term work shall be

-~

as follows, '

Laboratory work (Experiments and Journal) 1€ marks
Test (at least one) :10 marks
Aliondance (RacticalandLle0s mmmmer e G S Atk

The final certification and acceptance of term-work ensures the satisfactory performance ot
laboratory work and minimum passing in the term-work.

Fext Bools:

* Handbook of Biomedical Engincrring By R.S. L.handpur (TMH Pub).
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mdhOO‘\ of Analytical Instruments By R.S. Khandpur (TM
M odical [nstrumentation, Application and Design B)I/)J G. WprtUb)
ebster

Mudl‘f‘l Electronics — A.G. Patil \R K Jha, R Hariharan(Excel Books, New Delhi)

m.fcrcm‘“-“-

« mwlopcdh of medical devices and instrumentation - J.G. Webster Vol I, 1, TH Y
(ohn Willey): R

2 ],moduumn to Biomedical Equipment Technology By Carr.-Brown (Pearson Education
Pub)

. introduction to Biomedical Engineering — Joseph Bronzino (CRC Press)

. Various [nstruments Manuals.

= University of Mumbai

\

“Class: T.E. ‘ ranch: Blomedlcal Semester: V
| ngineering

:
| -

P . .
“Subject: Design of Analog Circuits

F periods per Week Lecture | 04

(Cach 60 min.) Practical | 02

Tutorial | --- |

' Hours Marks

Theory | 03 100
50 |

L,,_.,,F—————'—“‘_‘_
Oral - -

. : !
Evaluation System '
|

Practical and oral | 02

l___, Term Work | --- 25
_-'_-_-_’______—__'____‘———“_—v___——-—-'——-— -
l’/ Total | 05 175 A‘
a1
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/ Content m

(hrs)
l\.mdulc

LTS ITY - 1 T .
s Practical Operational Amplifiers 08
| lstatic and  Dynamic op amyp limitations: Stmplified Op-amp|

! and Offset current, Low input offsct op-
amps, Input offset voltage,

sireuit diagram, Tnput bias
i Low input offset voltage op-amps,
lnput offset error compensation, maximum ratings, Circuits to
measure opamp parameters as above, Open loop response, Closed
loop response. Input and output impedances,
Iiffect of finite GBP (on integrator circuit, fi
feedback amplifiers

Transient response,
Iter circuit, ) Current,

~\

Noise and Stability: Noise properties, Noise dynamics,| 08
Sources of noise, Op amp noise, noise in photodiode]
amplifiers, Low noise op amplifiers, Noise reduction|
techniques. The stability problems, Stability in constant GBP
in on op amp circuit, Internal frequency compensatiots,

External frequency compensation, Stability in CFA (Current
Feedback Amplifiers) circuits

3 Specialized opamp applications : Negative impedance| 07
~onverter, opamp with offset, instrumentation amplifiers and
INA 101, analog switciies, sample and hold circuits,
multipliers, dividers, op amp based fixed voltage reference
circuits, DC-DC converter circuits, voltage limiters,

4  |Active Filters: Transfer function, First order active filter and 10
application, Standard second order response, KRC filter, Multiple
feedback filters, State variable filters, Filter approximation,
Cascade design, Generalized impedance converter, Direct design,
The capacitor filter, Switched capacitor filters.

]

Study, design _and _applications _of Special Function| = 1

N

Integrated Circuits (It is essential to remember the design|

concepts and  selection criterion rather than IC  pin
configuration)

- Waveform  Generation and  Wave shaping: (IC 555 and

e, R
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e DI (1 AN 10 ®
T applications, PLL —(IC 4046), 1C°5 1€ §038 ) V1o Fand 1ol
converters = AD 537 ¢ ‘omparators

(Tunction  and

-necifications applications  of o
specificatios ) applications  of comparator  (such as  level

detector, window  detector, Pulse width modulation '\'chmin§
trigger) comparator 1C ( LM 3309, Opto-couplers / ()|)1(‘)-i:.nl:llnrl
(AN25/35)Isolation Amplifiers (150) 101), PWM  controller
(SG3S525 (or equivalent))

[heory Fxamination:
11 Question paper will comprise of total 7 questions, each of 20 marks.
12. Only 5 questions need to be solved.
13. Q.1 will be compulsory and based on the entire syllabus.
14. Remaining questions will be mixed in nature.
15. In question paper weightage of each module will be proportional to the number of

respective lecture hours as mentioned in the syllabus.

practical & Oral Examination:

Practical examination will be based on one experiment performed during the semester based on
the above syllabus and the oral will be based on entire subject.

Term work:

Term work will consist of at least 8 hardware design experiments (atleast 3 on opamps
and 5 on special function IC’c) based on the above syllabus and a written test. Test and
Seminars be suitably graded by teachers and attached in the journal. The distribution of
the term work shall be as follows, |

Lab work (Assignments/ Laboratory Experiments & Seminar)  :1€Mmarks
Test (at least one) :10 marks

Mtendance(Riactieatamd Fheorys WS mathsy

The final certification and acceptance of tzrm-work ensures the satistactory performance of
l2boratory work and minimum passing in the term-work.

Text Boolks:

L. Operational Amplifiers by Ramakant Gaikwad, PHI

H.[
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) Design With Operation
3' Design and applications of

al A'“Pliﬁcrs

& Ang

AnﬂIOg lnt Og lntcgr

Cgrated ¢ ted Circui

S sb i
ireuits by Sidney Yy Sergio Franco.

Soclof

. Data Manuals of IC Manuﬂiclurers

5, Opamps and Linear Integr

ated Cireyjg fre e
ts for cchnicians- Frank R Dungan

i re - -y / R.__R
| ISity of Mumbaj
| — _
Aass: T-E. Branch: B; e
!Cl" ' h: Biomedica] Semester: V
| Engmeering
Subject: Signal and Systems I
e
. W
. ch /
periods per Week Lecture 04
(Cach 60 min.) Practical —
Tutorial 02
B
Hours Marks
Evaluation System Theoryy 03 100
Practical & Oral - ---
Oral - 25
B i Term Workl  --- 25
—— Total 03 150
I
e KR L COII(_:';F - I'ime (hrs)
Module
' e 07
i Introduction to Signals: ' _
. e sjenals and discrete time mg"“lsh l‘lf‘c ““"" T.“-I’,-
Basic of continuous e 7= | sionals like flipping. shifting, scaling,
. -ntial. o.pcriltlullﬂ__'\_: e '
_— rump, C.\pOl]LllIld b VP
L
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_— and multiplication. Classificati ; — .
¢ .P assification of signals: Periodic /Aperiodic, Powe
and Energy, Even and Odd
5 lIntroduction {o Systems
a 07
System representati i : , .
C-[ - l entation in the continuous and discrete time domain.
assification ol sys . : ) S
. fl of systems on the basis of Causal/non-Causal, Time
variance/Time  invari: ; )
| o mvartance,  Linear/Non-Linear,  Stable/Unstable.
| Continuous convolution, Discrete convolution
|
[
|
*L i
3. |Fourier Analysis of Continous time Signals 10
| Orthogonal functions, Representation of signals in tefms of weighted
orthogonal basis functions, Coefficient calculation on the basis of
minimum square error
| Fourier series: Representation of Fourier series in terms of sine, cosine,
exponential functions. The complex Fourier spectrum, Properties of
} Fourier series, convergence of Fourier series, Gibbs phenomenon!
i Fourier transform and its properties. Fourier transform of singular
| . . )
| functions. Energy density spectrum
|
" 4. |Laplace transform: 06
Convergence, properties of Laplace transform, double sided Laplace
transforms, applications of Laplace transform to the solution of
differential equations. Relationship between Laplace and Fourier
transform
i -
i — H avy - r
5. Time domain and Frequeny domain behaviour of Systems 10

Transfer function and its properties for linear, lumped and stable
systems, Impulse response of a system, Zero input and zero state
response of a system. Time domain al'li.ll?’SlSA of _hrst order qnd second
r systems. Condition of BIBO stability in time domain. Pole zero
diagram, Frequency response of linear sys.tcms. Stability and Routh
array, Bode plots, Root Locus, Polar & Nyquist Piots

O l'd C
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/AL

/’;;,;f()l'm \_\ _
petinition, €onvergence,  propegties and inversiq
Analysis o discrete time sion of 7 1r

; ! ansform.
USINg  Z-transform. Rel

ationshi

Systems
hetween Laplace and Z transfory,

]-‘\':lmin:ltl()n:

Question paper will comprise of total 7 questions, each of 20 marks
. _ o
Only 3 questions need o be solved.

Q.1 will be compulsory and based on the entire syllabus

Remaining questions will be mixed in nature.

In question paper weightage of each module wil] be proportional to the number of
respective lecture hours as mentioned in the syllabus.

oral Examination:

Qral ex

Termy

.m will be based on entire subject.

vork:

Term work consists of minimum six assignments and a written test. The distribution of the term

work shall be as follows,
Tutorials (Assignments and Journal) 1 @marks
Test (at least one) 10 marks
Atendance,(Lutorial.and.Theoryy wiid-marks
.
The final certification and acceptance of term-work ensures the satisfactory performance of

laonrmow work and minimum passing in the term-work.

Re fl'l‘e

. Signals and systems : Oppenheim, Wilsky and Young, Latest edition
9) -~ 4

< Signals and systems :James Ciudzow, Latest edition
”CL‘ ];U()i\s:

l: Sigiale
Signals and systems: Gabar

') )_. . ) B | .
Principles of signals and systems: IF.J. Tayloi
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Objective: This course is to create environmen
environmental concerns.

tal awareness. of variety of

“Modul  Contents Hr |
et s |
1| The Multidisciplinary nature of environmental studies 1
. Definition, scope and importance
 Need for public awareness. |
T2 | Natural resources - B 4
Renewable and non-renewable resources ]
. Natural resources & associated problem. i
a. Forestresources: Use and over-exploitation, deforestation, case studies. |
Timber extraction, mining, dams and their effects on forests and tribal :
‘ people. ,
| b. Water resources: Use and over-utilization of surface and ground water, ]
‘ floods, drought, conflicts over water, dams-benefits and problems. j
< C. Mineral resources: Use and exploitation, environmental zffects of i
g‘ extracting and using mineral resources, case studies. }
'd Food resources: World food problems overgrazing, effects of modern 1
| agriculture, fertilizer—pesticid.e problems, water logging, salinity, case [
J studies. . '
‘ €  Energy resources: Growing energy needs, renewable and non renewable
i ‘ energy sources, use of alternate energy sources. Case studies.
| f Land resources: Land as a resource. land degradation. man induced
} landslides, soil erosion and desertification.
e Role of an individual in conservation of natural resources.
- Equitable use of resources for sustainable lifestyles.
- |
ettt — SN |
S . Ecosystems 3
‘ i Concepts of an ecosystem ;
‘ | ®= Structure and function of an ecosystem.
' |+ Producers consumers and decomposers.
! .+ Energy flow in the ecosystem. |
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